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(54) (Title of Invention) Method of 
manufacturing a silicon dioxide film 

(57) (Abstract) 

(Means of Resolution) Method of 
manufacturing a silicon dioxide film 
characterised in mat when forming a 
transparent silicon dioxide film on a film- 
forming substrate using the plasma CVD 
method, the silicon dioxide film is formed by 
ensuring that not only is the film-forming 
substrate positioned on a high-frequency 
cathode heated to 200°C or more, the 
temperature of parts in the vicinity of the 
gas-cracking reaction zone created above 
said substrate is kept higher than the 
temperature of said film-fonning substrate. 
(Effect) According to the invention, the 
formation of powdery silicon dioxide at parts 
close to the electrodes is suppressed, 
allowing the silicon dioxide film to be 
formed on the film-forming substrate as a 
dense high-quality silicon dioxide film with 
no impurities. 
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(Claims) 



(Claim 1) Method of manufacturing a silicon dioxide film characterised m that when 
formSg a^ansparent silicon dioxide film on a film-forming substrate using the 
Sc^Shod, the silicon dioxide film is fonned by ensunng not only is 
me film-forming substrate positioned on a Mgh-fit^uency cathode heated to 200C or 
morefee tem^rature of parte in the vicinity of the gas-cracking reaction zone formed 
Tow sald^trate is kept higher than me temperature of said film-fonmng substrate. 

(Claim 2) The method of manufacturing claimed in Claim 1, in which the temperature 
of p!Ss m 1he vicinity of the gas-cr*cking reaction zone is kept at a tenmerature of 
between 30-200 °C higher than the temperature of said film-forming substrate. 

(Claim 3) The method of manufacture claimed in Claims 1 and 2, ^P lo 3^ a . devi ^ 
for Znufacturing a silicon dioxide film using the plasma CVD mefliod which to * a 
SLparent silicon dioxide film on said substrate, which, in addition tohavmg a 
SeTbuilt into the electrode support base within the vacuum chamber, has a 
^Sate support base provided on this electrode support base with an mtervemng 
msuSgXe, a gas flow control ring provided outside the substrate support base 
a^dTradltion to laving the film-fonning substrate placed on said «e support 
base, has a gas showerhead which supplies an organic silicon compound gas aud 
oxygen for me silicon dioxide film positioned opposite and above this 

base, with a heater being built into the rear of this gas ^head^aid 
substrate support being connected to a high-frequency power source creating a plasma 
g^c^S^onlone between the gas showerhead with this substrate support 
base as a cathode. 

(Claim 4) The method of manufacture claimed in Claim 3, in which said gas flow 
corZl ring is positioned on the outer edge of the upper surfece of he e ectrode 
s^rt bJe with its outer surface matched to the outer surface of the electrode 
support base* 

(Claim 5) The method of manufacture claimed in Claims 3 and 4, in which a reflector 
is further provided to the rear of the heater provided behind said gas showerhead. 

(Detailed Description) 
(0001) 

(Technical Field of the Invention) The invention relates to a memod of marau^cturmg 
a^hTn aioxide film with the plasma CVD method which allows a highly transparent 
Z TL* Sm of silicon dioxide suitable for use in an LSI or an optical waveguide to 
be simply formed onto a film-forming substrate. 

(0002) 

(Prior Art and the Difficulty to Be Resolved by the Invention) Transparent > suicon 
dioxide glass films are very useful in the field of LSI technology as insulating films 
b^tyeri^licon divide films formed on silicon substrates heing also widely 
uSTm optical light guides due to their excellent connectivity with quartz optical 



fibres. The following methods (1) - (4) of forming a silicon dioxide film on a silicon 
substrate are known to the art. 

(1) A plasma CVD method which creates a film on a film-forming substrate (a silicon 
substrate) with plasma cracking of silane (S1H4) and oxygen (0 2 ). 

(2) Electron beam deposition, which creates a film on a film-forming substrate by 
exposing silicon or solid silicon dioxide particles to an electron beam m an 
atmosphere of wilh oxygen gas, vaporising them on impact. 

(31 A CVD method which creates a film on a film-forming substrate with thermal 
cracking of tetraethoxysilane [Si(OC 2 H 5 ) 4 ] (hereinafter TEOS) and ozone (Os) at high 
temperatures. 

(4) A plasma CVD method which creates a film on a film-fomnng substrate with 
plasma cracking using TEOS and oxygen (0 2 ) as its raw materials. 

(0003) Of these methods of forming a film, method (4) which uses TEOS enables a 
good quality film to be easily formed at a lower temperature than with methods i (1)- 

(3) with increased research and improvements in recent years is now used in the 
production of LSIs and optical wave guides. 

(0004) The plasma CVD method of (4) which uses TEOS to form a silicon dioxide 
film conventionally employs a device with the structure shown m Figs. 2 and 3 . 

r0005) In Fig. 2 and 3, 1 is a vacuum chamber, with exhaust outlet la provided in this 
v^uum^hamber 1, exhaust port mesh 2 being additionally ^provided on tins exhaust 
port la, exhaust tube 4 being connected via gate valve 3 tins exhaust tube 4 being 
Hnked to a vacuum pump (not shown in the diagram). Electrode support rod 5 is 
™5ed mliT said vacuum chamber 1, with electrode support base 6 being 
^ported on this electrode support rod 5, and electrode plate (substrat e support Jba*) 
7 prodded on this support base,6, with a silicon wafer substrate (^-""8 
£) 8 placed on top of this. It should be noted in Fig. 3 that quartz disk :7 is 
Sterposed between electrode support base 6 and substrate support base 7 
Smore, disk-shaped gas showerhead (electrode) 10 formed with 
gas outlet apertures 9 having a diameter of approximately 0.5 mm is located within 
chamber 1 opposite and at a specified distance from substrate support base 7. This 
PaTsnowertead 10 is connected to one end of gas supply pipe .11 which passes 
hermetically through the wall of said chamber 1, the other end of tins gas supply j>ipe 
U teing connected respectively to a bubbler vessel (not shown m the diagram) which 
contains liquid TEOS and is connected to TEOS gas supply line 12, and an oxygen 
cylinder (not shown in the diagram) which is connected to oxygen gas supply line 13. 

(0006) 14 is a high-frequency RF supply line connected to a high-frequency RF 
power source (not sho Jin the diagram), this supply line 14 being corrected to gas 
supply Pipeline 11 in Fig. 2, making gas showerhead 10 s a cathode, and to electrode 
7 in Fig. 3, making this a cathode. 

(0007) When forming a silicon dioxide film using this device, the TEOS U supplied ito 
vacuum chamber 1 through gas outlet apertures 9 of gas showerhead 0 by the 
bubblmg method which supplies the raw TEOS through TEOS gas supply line 12 



after vaporization with a carrier gas (for example argon) m a Ifb^ cnrt« 
which contains liquid TEOS, or with the hairing method which supplies the rawTEOS 
tough TEOS gi supply line 12 after vaporization hy heatmg me hquid TEOS ma 
Sedcon^ef to a S^erature of 60°C for example, the oxygen heing supplied to 
racutn e^ber 1 hy mLns of oxygen supply line 13, ^frequency pow being 
applied in the device of Fig. 2 to the upper electrode formed by gas showemead 1 0 by 
S-fre^uency RF supply line 14, cracking the TEOS gas and oxygen with to 
SS^ generated in gas-cracking reaction zone 15 between gas showerhead 10 and 
SateTupport baseS, forming a film of siheon dioxide 

noted that the carbon dioxide and water generated as a result of the pksma crackmg 
of the TEOS gas and oxygen is removed by a vacuum pump being expelled 
ele^lWa exhaust tube !i Onthe otherhand, with the device of Fig. 3, the ilugh- 
RF power is applied by supply line 14 to substrate support base 7. and 
S aTa^athode th? plasma ions are accelerated by the voUage drop in 
pl^rnasheath formed in front of the cathode surface, causing the ions to impact on 
the film-forming surface, forming a dense film of silicon dioxide. 

(0008) However, although resulting in the formation °^ a .^.^\ 1 ^^ 
siheon dioxide film on substrate 8, methods of forming ^\^ o ™J s 
above devices suffer from the disadvantage that sriicon dioxide is also formed m parts 
doT to Reaction zone 15, in other words on the side and bottom surfaces of gas 
lowefheTS "annate support base 7, and furthermore on the walls of vacuum 
chambef fclose to these, it normally becoming attached in a powdery form. The 
£n^ox?de powder eiuy becomes detached and cre^ 

of vacuum chamber 1, attaching itself also to substrate 8 on which a good quality film 
is forming, causing damage and even significant deterioration m yield. 

(0009) For this reason the invention has as its purpose of proyisioii t of * method of 
manufecturing a silicon dioxide film which enables the creation of a good quality 
Se^S dioxide film on a film-forming substrate without any impunfces m the 
fiSormS substrate, suppressing both the generation of said powdery silicon 
dioxide and the generation of dust. . 

(0010) 

(Means of Resolving the Difficulty) Having made a careful study of how to achieve 
u^rpose, the inventors discovered that the speed of formation of the silicon 
Zdnim'was heavily dependent on the temperature of the substrate and by taking 
advantage of this dependence on substrate temperature were able to find a way of 
suppressing the generation of powdery silicon dioxide. 

room The speed with which a siheon dioxide film forms and its dependency on 
Se^m^urTwUl be illustrated in greater detail using experimental examples. 

Experiment 1 

With the device of Fig. 2, siheon wafer substrate 8 was heated using the heater built 
W to substmte support base 7, and TEOS gas supplied Ito gas ^owerhead 1^ ^om line 

12 with a 60 ccm flow volume of argon carrier gas from a 60°C bubbler wrth an 8 0 
ccm flow volume of oxygen supplied simultaneously to gas showerhead 10 1 from to 

13 The gas pressure within chamber 1 was controlled by gate valve 4 and held at 0.5 



Toir A 100W 13.56 MHz high-frequency power source was connected to gas 
showerhead 10 from supply line 14, and plasma generated with gas showerhead 10 as 
alathode, the TEOS gas, oxygen and argon being subjected to plasma to 
form a silicon dioxide film of between 4-llum on silicon substrate 8. The current 
floW through the substrate heater was varied to change the substote temperature 
andthe rate atwbich the silicon dioxide film formed was measured. The results of 
this are indicated with circles in Fig. 4. Substrate temperature was measured using 
thermocouple 16 inserted into a small hole in the side of substrate support base 7. 17 
is the heater power supply line. 

(0012) Experiment 2 

At the same time, with the device of Fig. 3 a 100W Mgh-frequency RF power source 
wL applied to the substrate by power supply line 14, and the speed at which the 
rmcon dioxide film formed with the film-forming substrate as a cathode was 
rn^Ldin the same way. The results are indicated with triangles in Fig. 4. Apart 
torn the position at which the high-frequency RF power was applied ^ the 
exTXjrimental conditions were exactly the same as in the case of experiment 1. 
SSou^rSe conditions for 1he appUcation of the high-frequency RF power drffer 
between Experiment 1 and Experiment 2, the reflective wave power was 
approximately 5W in bom experiments, and with the incident wave power at 105W 
the input power was 100W in both experiments. 

f0013^ As will be clear from Fig. 4, whether using the gas showerhead as a cathode 
Ssf or^ substrate as I cathode (triangles) the speed of film-formanon 
£teri5Ltes wmi rises in the substrate temperature. It should be noted in the diagram 
that^S tne substrate temperature at 100°C, parts of the film formed on the substrate 
were not transparent, being almost powdery in form. 

(0014) The films produced in these Experiments 1 and 2 were placed in a high 
temperature oven and annealed for two hours at 700°Ci in an atmosphere f^nmd 
oxygeT(at a ratio of 1:1), and when measured with infrared spectroscopy (VUKy were 
found to contain material from which Si-OH and Si-H spectra had been removed and 
rnaTerill from which it had not. The black circles and black triangles m Fig. 4 djow 
me results for material where the spectra remain, being silicon dioxide film which 
contains oxygen and hydrogen, the white circles and white triangles gating pure 
silicon dioxide with these elements removed. In other 
itself was used as the high-frequency cathode (Mangles) a high ^ 
triangles) was obtained after annealing with a substrate temperature of 200 C, but 
whenthe gas showerhead was used as the high-frequency cathode (circles) a good 
quality film (white circles) was obtained by annealing with a substrate temperature of 
above 350°C. 

(0015) In both experiments powdery silicon dioxide was formed widely found the 
faction zone, in particular on the sides, bottom and upper surfaces <* 
10 on the sides and bottom surface of the lower electrode (7 7 , 6) on lower 
electrode support rod 5 and exhaust port mesh 2, and was found lightly adhering to 
t 3s of vacuum chamber 1. In particular this adhesion of powdery sdteon 
dioxide was also widely observed at the comers of the lower electrode (7 7 6) and 
close to parts where turbulence was likely to occur in gas flows, such as ^e part 
where thermocouple 16 is inserted. The adhesion of powdery silicon dioxide to gas 



showerhead 1 0 was more noticeable in the case of Experiment 2 (with the structure of 
Fig. 3) than in the case of Experiment 1 (the structure of Fig. 2). 

(0016) As will be clear from the results of these experiments, to obtain a densefflm of 
silicon dioxide it is first of all necessary to raise the temperature of 
the quality of the silicon dioxide film will be further improved if the substrate is 
subjected to ion impact by means of high-frequency RF. Furmermore powdery 
sSoToxide, which is a cause of dust, is generated in parts where gas ^bulence is 
likely to occur, and in parts with lower temperatures. In other words, based on the 
dSa in Fig. 4, with I high-frequency RF applied to fee substrate = ca&ode the 
temperatur! of the substrate at 200»C or more (point A in Fig. 4) and the stxuctoe ^of 
the upper electrode, the lower electrode and their surroundings arranged to enable a 
laminaTflow so turbulence does not occur in the gas flow, and moreover by keeping 
the temperature of parts in the vicinity of the reaction zone at me temperature of point 
B in Fie 4 (350°C) for example, the rate of adhesion of silicon dioxide to these parte 
is extremely slow, and then not in a powdery form but in minute quantities of good 
quality silicon dioxide film, allowing a good quality dense silicon dioxide film to be 
formed at a high speed on a fum-forming substrate. 

(0017) The above results show that the following methods are effective in 
rnanufUuring a dense good quality silicon dioxide film in a dust-free environment: 

(1) Applying high-frequency RF to the film-forming substrate. 

(2) Keeping the substrate temperature at 200°C or more. 

(3) Ensuring the structure of the electrodes and their surroundings is such that there is 
a laminar flow of gas without turbulence. w 

(4) Keeping the temperature of parts close to the reaction zone higher than that of the 

substrate. 

Of these, method (4) was found to be particularly effective in suppressing the 
formation of powdery silicon dioxide. 

(0018) The invention has been devised on the basis of the above observations, and 
proposes the following method of manufacturing the silicon dioxide film: 

(I) Method of manufacturing a silicon dioxide film characterised in that when forming 
a transparent silicon dioxide film on a film-forming substrate using the plasma CVD 
method, the silicon dioxide film is formed by ensuring that not only is the film- 
forming substrate positioned on a high-frequency cathode heated to 200 C or more 
the temperature of parts in the vicinity of the gas-cracking reaction zone formed 
a£ve JSd substrate is kept higher, and preferably 30-200°C higher, than the 
temperature of said film-forming substrate. 

(0019) This method is preferably realised using the following device: 

A device for manufacturing a silicon dioxide film using the plasma CVD method 
which has a substrate support base on an electrode support base provided within the 
vacuum chamber with an intervening insulating plate, and as well as having the film- 
forming substrate placed on said substrate support base, is provided wuh a gas 
showerhead which supplies an organic silicon compound gas and oxygen for Ae 
silicon dioxide film positioned opposite and above mis substrate support base, said 



substrate support being connected to a high-frequency power source creating a plasma 
ZZSLZ reaction zone between the gas showerhead with tins substrate support 
W as a cfthode, and characterised in that in addition to having a gas flow contiol 
ring outside the substrate support base, and a gas flow control tube ou^de the gas 
showerhead, has a heater built into said substrate support base, and a heater built into 
the rear of the gas showerhead. 

(0020) The optimal arrangement is to have said gas flow control ring disposed i around 
me outer edge of the upper surface of the electrodes support base with its outer 
surf^e matching the outer surface of the electrode support base and ^rmore to 
h^e a reflector positioned to the rear of the heater provided behind said gas 
showerhead. 

(0021) According to the invention, the above structure enables a good quality high- 
dens ty silicon dioxide film to be formed on a film-fonning substrate with no 
purities in the film-forming substrate, the formation of powdery silicon dioxide 
being suppressed, and thus dust also being suppressed. 

(0022) 

(Embodiment of the Invention) The method of manufacturing^ ^^f'f'^f^ 
dioxide film of the invention is carried out using the plasnm CVD method _ the film- 
ing substrate being positioned on a high-frequency ^od^an* * ^» to J*£ 
substtate being heated to 200°C or more, or preferably between 200-450 C still 
fuXf prefembly between 250-300«C, the silicon dioxide film is formed ™th parts in 
the vicinity of the gas-cracking reaction zone created over the substrate, particularly 
Z ^ showerhead 8 and its vicinity, kept at a ^^^^^2"^ 
of stid substrate, and more preferably at temperatures between 3 £ 2 ?°Jl^^' ^ 
still more preferably between 50-150°C higher, being otherwise obtained by the usual 
S of forming^ silicon dioxide film using me plasma ™>J%!*^* 
persons skilled in the art, and realised using a device which will optimally be the 
device shown Fig. 1 to be explained later, but may also be a device known to the art. 

(0023) It should be noted that the materials used in the rr^ufacture of the silicon 
dioxide can be those known to the art, such as silane and a^oxysilane, and in 
particular tri(lower)alkoxysilane, tetraaower)alkoxy S iIane and tetraethoxysdane 
(TEOS), triethoxysilane and other organic silicon compounds which can be »sed v^th 
oxygen and if necessary with a carrier gas such as argon, m this case rt is part of the 
method of manufacture of the silicon dioxide film of the invention ^ ""V? 0 *"* 
other elements used to dope the silicon dioxide (for example Ge, P, B and the like) 
may also be used allowing the silicon dioxide to be doped with these elements. 

(0024) As described above, the optimal arrangement is to have said memod carried 
out using the device shown in Fig. 1. The device of Fig. 1 wdl now be explained It 
should be noted that in parts Fig. 1 having the same structure as the devices shown m 
Fig 2 and 3 will be keyed using identical numbers, and their explanation will be 



Fig 
omitted. 



(0025) The device shown in Fig. 1 has electrode support base 6 m the form of a dis£ 
on the upper surface of which is provided disc-shaped substrate support base 7 wife 
quartz disVinsulating plate T or the like interposed, with one end of high-frequency 



RF supply line 14 passing through said electrode support base 6 and insulating plate 
7' and connected to substrate support base 7, making this substrate support base 7 a 
high-fiequency cathode. 

(0026) Said insulating plate 7' and substrate support base 7 are formed with slightly 
smaller diameters than said electrode support base 6, gas flow control rang 21 pre sent 
on the outside of this insulating plate T and substrate support base 7 being fitted to 
the outer edge of the upper surface of said electrode support base 6 with its outer 
surface matched to the outer surface of electrodes support base 6 so that there is no 
step, thus preventing turbulence in the gas flow from reaction zone 15 on the outside 
of substrate support base 7, and ensuring that the gas flow on the cathode side is a 
laminar flow. To farther ensure that the gas flow is laminar, the outer edge of the 
upper end of said ring 21 and the outer edge of the lower end of electrodes support 
base 6 abut each other. It should be noted that said ring 21 is separated from substrate 
support base 7 and is not conductive, being at earth potential. 

(0027) Furthermore, gas showerhead 10 has its outer edge extended in the outward 
direction more than shown in Fig. 2 and 3, being formed with a larger diameter, and 
in addition this gas showerhead 10 is pierced by gas flow control tube 22 on the outer 
edge of its lower surface, ensuring that the gas flow in the vicinity of the point where 
tuft 22 protrudes is laminar, and moreover preventing the gas flow from moving 
toward the wall of chamber 1 . 

(0028) Furthermore, to the rear of (above) said gas showerhead 10 is provided a disc- 
shaped cylindrical heater 23, to the rear of (above) which is provided reflector 24 
close to the ceiling of chamber 1. By installing this heater 23 it is possible to ensure 
mat the temperature of gas showerhead 10 and its vicinity is at a higher temperature 
than film-forrning substrate 8 positioned on substrate support base 7, and reflector 24 
is able to enhance the efficiency with which gas showerhead 10 is heated by 
cylindrical heater 23. 

(0029) An embodiment which employs this device will be illuslrated together with a 
comparative example. 

(Embodiment) With the device of Fig. 1, the substrate is heated by the heater built 
into substrate support base 7 and kept at a temperature of 20 ™>™\^wr^^ 
10 being heated by cylindrical heater 23 so that point P m Fig. 1 is at 380°C At this 
time the temperature of point Q is 320°C. It should be noted that 25 and 26 are 
thermocouples. 

(0030) An experiment was also carried out with the conditions of gas supply, gas flow, 
chamber gas pressure and high-frequency electric power the same as i that for said 
Experiments 1 and 2. The results are shown by the white stars in Fig. 4. The results 
show that the speed with which the film was formed was faster than in Experiment 1 
at 560A/min (point C in Fig. 4). This test film was annealed under the same 
conditions as in Experiments 1 and 2, and on being measured with infrared 
spectroscopy (FTIR) no spectrum for Si-OH or SiH was discovered, showing that a 
Inequality dense silicon dioxide film was obtained with no oxygen or hydrogen. 
Although the less than that in Experiments 1 and 2, the adhesion of powdery silicon 
dioxide was observed on the metal mesh of the exhaust port. However it was not seen 



at all in the vicinity of the electrode, where it is most likely to cause impurities in the 
film-forming substrate. 

(0031) (Comparative Example) In the device of Fig. 1, the power source of said 
cylindrical heater 23 was switched off and gas showerhead 10 was not heated, but the 
film-forming was otherwise carried out under identical conditions. The results are 
shown by the black stars in Fig. 4. The speed with which the film was formed was 
between that of Experiment 1 and 2, but slower than that in experiment with the 
embodiment (Fig. 4 point D). The temperature of substrate 8 as the film was formed 
was at 200°C with the temperature of point P on the side of gas showerhead 10 at 
160°C, the temperature of point Q being 125°C. After annealing under the same 
conditions, and measured using infrared spectroscopy (FTIR) the presence of Si-OH 
and Si-H spectra was discovered. Although no powdery silicon dioxide was found on 
gas showerhead 10 at all, it was observed on the outer surface of gas flow control ring 
21 of the lower electrode, the side and bottom of electrode support base 6, and on 
electrode support base 5 and exhaust port mesh 2, although less than in Experiments 1 
and 2 By means of this experiment it was possible to confirm the remarkable effect 
of keeping parts in the vicinity of the reaction zone, in particular the gas showerhead 
and gas flow control tube, at a higher temperature than the substrate, as explained m 
the above embodiment. 



(0032) 

(Effect of Invention) According to the invention, it is possible to obtain a dense and 
high-quality silicon dioxide film with no impurities in the silicon film formed on the 
film-forming substrate, and with the generation of powdery silicon dioxide in the 
vicinity of the electrodes suppressed. 

(Brief Description of the Drawings) 

(Fig. 1) Schematic cross-section showing an example of the device for manufacturing 
a silicon dioxide film of the invention. 

(Fig. 2) Schematic cross-section showing an example of the device for manufacturing 
a silicon dioxide film in prior art 

(Fig. 3) Schematic cross-section showing an example of a separate device for 
manufacturing a silicon dioxide film in prior art. 

(Fig. 4) Graph illustrating the relationship between substrate temperature and the 
speed with which a film is formed. 



(Key to the Figures) 

1 vacuum chamber 
la exhaust port 

2 exhaust port next 

3 gate valve 

4 exhaust tube 

5 electrode support rod 

6 electrode support base 



7 electrode plate (substrate support base) 
T quartz disc 

8 silicon wafer substrate (film-forming substrate) 

9 gas outlet apertures 

1 0 gas sho werhead (electrode) 

11 gas supply tube 

12 gas supply line 

13 oxygen gas supply line 

1 4 power supply line 

1 5 gas-cracking reaction zone 

16 thermocouple 

1 7 heater power supply 

21 gas flow ring 

22 gas flow control pipe 

23 cylindrical heater 

24 reflector 
25,26 thermocouples 

(Fig. 4) 

white circles: Experiment 1 
black circles: Experiment 1 
white triangles: Experiment 2 
black triangles: Experiment 2 
white squares: Embodiment 
black squares: Comparative Example 
x-axis: the substrate temperature 
y-axis: film-forming speed 
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@g«0^XI!5i:# ffl UJ^9]6««3ttft3*»Ara*R* ; * 
^^^ v _^ . y p 101:11 H^-SSS** 

s««cftiDWrt-&^^"-wii osHbn izm&z 

[0006] 1 4tt. (SISafeRF«® O^-tH*) t=S 

[0007] J«**fflV^"C S i 0 2 m*M&* ** 
■frUt i-fTE O S«#*7ilto' WHffWfc'r"*' 'J 

fcTEOSBMTEOS3(fXfl»9>f ^1 2^fe«S& 
■f ft *^l«B»i«WtTE O S^*^ 
Wilf 6 0X:iCln»LTjlMliS*TTEOS«HftTE 
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^yA~lrt£TEOSM^£fl^*kftfc. ^* 

tfA&wmxxmz 1 ?* yisi vM&f-* i n 

tctSfc&U @20Hirrid. ^fx^V-^ y p i or 

^*4J=9aWfc»Hi3*L*. ^3<^ar 

[0 0 0 8] L*»L. J^t^SiO,!^ 

fctf)co. Jj«5««l SOffifftffc Hfe**^** — - 
vVl 0, SK^a*S70iim'JSB. KlcBiit^^ 
j£<«J^^>'A-l^® : £k"fc*5 , ' v C*> s 1 ° 2 

SJJifcfMtUT^-^*i> w.vcH#*4 0«> 
[00091 fe<>T, JJB»*«®S i 0 2 

[0010] 

3 4 < flffl-r* - 1 Ttt*tts i o 2 

fM&SfcWS'JT'S £ £ k ft jaALfe. 
[0011] i^jKfc-^T. S i OtltmAIBftKfc 

t^^^ija^x/v-fflRSfcfflMtU TEOS 

1 O'N.&S&U SftfiS 0 c c m«®^O z xrx*>|a!^K 
5>f S**^^^^— ^.v H 1 Ofcfl^&L-fc. * 

UT0. 5Torrte«SELfc. 13. 56MHztf>& 
JB»ERF«lt 1 0 OWfcftjei/CXrxS'T?-^* ^ 



^^U3>-^K8Jit4~l ljutm^if^tfc. * 

/m^ta^lSimMie'eafSUft. 17a 

£00123 2 

a 3 coks«kfetev->T s ^3feR.F^3 10 0 
Wft«HW=IM*l 455^EPiaU-CB!a^«tfflS:^ffi 

1 0 5 W fc t-CSA^JtiM^k t> 1 0 OWt t 
[0013] EM*^^*** 3*=* ffAisW-^ 

f*£ft5^t~A*Vt T^=*>A r #X t SS*O a ^XW 
^HM (iWttl : 1 > •C7 0 0T;T2BmT--fl'* 
ff^, ( FT I R) «££*r?fck ^ Si 

-OH&tf S i -HX^? V**fll*rST^*K*«: 
Hfc^£TVvfrViKH0 ( £'?&. H4«>ll!WLKtfM=a 

tools] m$mt fc«s*Rs i o 2 ^mwm^ 

fci5. »IC^^7— HI OtfOfflJffl, JSBk-L 
ffl T^«® < 7 , 7 ' . 6 ) ^filBklSW, TSS^i 

jlfetlft^ i«^5tvKS i o,«ti«U:"F»«B (7, 
7' . 6) J— «SWWBW»16<0*l'3 s »« 

?tut. ifX^V—^ y T 4 1 0^»^*^S i Ojft 
ill 2 (^30«^5) O^^^l (®2^« 

jig) <Wi&J:9*<A*>*i=fe. 
[0016] ^^OHiS^^fe^^- fcfcL tl 
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i.wrsio,waKfcftite**. ^*HaB 

SSg3i2 0 0^C (a4iO^A«T-^) filifcU _fc§B 
4fcMfiI^fc£ttH4»jaB«4ME ( 3 5 OX;) £Lh 

[0017] «->T. BLt^tHitJ: *) , 
{ 2 ) S^fflJ^tt2 0 QKXXtk-t&Zb 

tftrnx-fohzt. miz (4 > 0£S0tt$fts i o 2 
[oois] «M»iiJaaiai=»^^*** ufefc * ,!) 

C I 3 7*5X^C VDSfc * *))«HMUifc3MS i O 
IBBgBifflt«a«± 9*«, »*L<tt30-200W> 

[0019] ^co^sco^ffem- Tta<o^ 

^fc£fl^6#*^V-^'yF&ffli£U -ties 
#AMttOBMWfc**l^ iJSMUJ=3«IS i O 



[0020] iit, _LfB#X»SWJ Vfiftmg&ft 

[0021] ja±0>»ftfc ± "3 , «* 

[0022] 

0,W»3«BW8±. :T9;C*CVD«fcJ:->T*r3 

U itf«HR*2 0 0XaaJu J:>3i?Sb<ti2 0 0- 

4 5 0*C, 3S£i?£L<tt2 5 0-- 3 0 0X:(dWIW"* 

^jajSiOSSB. ±OS : *Ktt3 0~2 0 0T^;v^ 
& Sgfcff* L<1±5 0-1 5 O-CW^KKSi^t^ 

5 i CflwttWMfd t«-C* •? s ^ix£Wi^40^ 
^X^CVD&fcriS S i OalBnSA^ftSHL. 

[0023] S i O 2 Ji«^i^^*'^l^*' i0 
(iT-h^xb^^^^ (TEOS) . HIIM^ 

*0 0 24] .BBUa: ±fE*ffitiEIlfc^^ 
[0025] Z.VM 1 fcjjcttSBlCfeV^T, 

[00261 ±S*^E7' RX«HIESd»d7t±. ±E 
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ttKra&Mftl 5*&®#*8tt=±*SL»WfeM i . ft 

iOSfiStSftA^ JbE»jy^21«LlJi»IMBW« 
EU 1 It, 7 fc»«l»h.T*»UT 

[0 0 27] ^^V-M'PlOll H2. 

[0028] 3gfc, ilWX^7-^y P 1 
(JJ6T) RSttt-^"2 3#iiIK*il, 

ft <_fcfr) fcf-r ^ l cry^m&Bi-^f LXUyu 
7*-2 4*«ftW:«>«re*>4. 3 CO 

ffil&Kii: Otfxi^V— I* 1 O2fcC/*-053i£#&JiiE 
MSaW7±lciraS*rtft«8**** OiiSig 
ClWC»4J:3t=!8r^tls»)s U7W*-24ttH 
S^t-?-2 3 (Cti^^^-^v H 1 o«Jn» 

[ o o 2 9 j acic, ±f^str^ffl u: ww*. stmt 

L^t-^-t^fc QgMfrMftL/t2 0 (VCfcttftU 
ifcPHWtt— ^-2 3fc* ^» V 1 0 

ftfl(RL , CHlt=*J^'CJ*P«HSaK'3 8 O^fc Lite. 

[0030] SS&Jfr'X- tfXSSES. 

mt&fttLzmmzfr^. «**H4*:aMfli** 

•T. *f>&3l. l£&SE£ti5 6 0A/mi nfcWUJ: 
K)fe#.*»-afc (H4«Dj£C) . vl B'iia^K 
iajWW2fcRt*fl 1, CT--A'*ff-'fcfc^*' # 
(FTIR) Ifi&rSi-OHRtfSl-H^ 

a®5rS i o 2 ^*ff *,firvM>i fc#¥Hfc. IB** 

s i otjasw*^ h<mkM±.w*mm 1 aa^stft 2 ± 

gfe L£ v \WSSBSfVttA < J& $>t&frr> fc . 
[0031] tit*W3 0 1 wgmfc&K^-x. ±Me>n 



sn&£fr^fc. *£S£04 teas wo**. &BSSI£fc± 
mBg« 1 afcwwi2 »it»iaHtrj«iw!<«ww« 

ffif£2 0 O'er-, #7.1?**?—***? Y 1 0 WffllBS^jfiP 
tfeltSMSl 6 O^C. AQteaH-*SUB41 2 

J*>. £«»£*M^(FTIR)MrCSi-OH» 
•jti^xv^v— w p 1 o±t*±£< JH6*lA*-»ft 

2±i~mi 1 Aim 2 «t ^rtimmztitz. 
znmuz* *> , mmmmx^m^smx »> keys 

[0032] 
[@®«0(Sf*5:mBB] 

EB1 1 S i 0 2 )li^^«-W*^t1itfe 

[®21 «S^os i o 2 ^S3S^B«-^JSr^tl5i !| SWf 
[03 ] «6*<0S i O 2 ^^S60ffl^J*^«» , & 

khett**. 

[B4] iKilli:WBtt!:«>l«*«*'^ 7 ' c * 
*. 

1 mS^^^^- 
la AMD 

2 sm^-b^ 

3 *r—YiW7' 

4 imv 

6 ftflBdtt} 

7' 3a3£P3S 

I 0 **X^T7— Y (MM) 

II ^Xftft^V 

12 *'X«t*&9-<y 

13 I8St#X&&?-f>' 
1 4 

15 ^««EJBaw 

16 ?*m*t 

17 t-^-*&m^ 
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